presence of PVT was evaluated with multiple logistic regression analysis where the independent variables were those significant in the univariate analysis. Results: The prevalence of PVT at baseline was 4.5%, and the incidence was 4.3% at 5 years; among the subjects taking β blockers, 46.4% were taking NSBB. A total of 19 PVT cases were found. Grade of esophageal varices (p < 0.01), PLT (p < 0.003), INR (p < 0.03), spleen diameter (p < 0.001) and PLT/spleen ratio (p < 0.0005) were significantly associated with PVT. The use of NSBB indicated a higher risk of PVT compared to selective β-blockers (SBB) (p < 0.05). In logistic regression analysis only the grade of esophageal varices was significant (p < 0.02). Univariate analysis of patients taking β-blockers showed an association of PVT with grade of esophageal varices (p < 0.01), CP class (p < 0.02), AST (p < 0.03), ALT and albumin (p < 0.02), PLT count and PLT/LD (p < 0.03), longitudinal diameter of the
Introduction
Acute PVT was recently defined in the Clinical Practice Guidelines of the European Association for the Study of the Liver as a recent formation of a thrombus within the portal vein and/or within its right or left branches [1] . When an obstruction of the portal vein is present in addition to PVT, other causes must be taken into account, including obstructions associated with cancer; tumors can lead to portal occlusion by invasion (frequently found in hepatocellular carcinoma) or by compression (most frequently linked to pancreatic tumors or cholangiocarcinoma). Most PVT cases, however, occur in the cirrhotic liver, especially in decompensated cirrhosis, while cases of PVT in the healthy liver are rare, at least in developed countries. The causes underlying PVT are the same as those of thrombotic processes in general, i.e. slowdown of the blood flow, hypercoagulation and endothelial damage. In cirrhotic subjects various prothrombotic conditions coexist, especially coagulation alterations, while according to recent studies [2, 3] the most important of all is slowdown of the portal circulation.
Nonselective β-blockers (NSBB) are the treatment of choice for primary and secondary prevention of variceal bleeding; the action of NSBB leads to a reduction in portal flow velocity and, as a result, in portal pressure [4] [5] [6] . Consequently, if portal flow alteration is indeed the main determining factor in the genesis of PVT in cirrhosis, it is reasonable to think that these drugs, with further reduction of the portal flow, can increase the risk of PVT. Some authors have recently suggested a possible predisposing role for NSBB in the onset of PVT in liver cirrhosis (LC) patients [7, 8] . The aim of our study was therefore to investigate the onset of PVT and its possible correlation with β-blocker therapy through a retrospective evaluation of cirrhotic patients referred to our clinic.
Subjects and Methods

Patients
The medical records of 420 cirrhotic patients followed as outpatients at our Internal Medicine Unit were retrospectively ana- lyzed. All of the patients had been diagnosed by liver biopsy or unequivocal clinical, blood chemistry and instrumental data. Exclusion criteria included the presence of neoplastic diseases, bacterial infections or coagulation disorders, current treatment with anticoagulants, antiplatelet agents and oral contraceptives and antiviral or immunomodulatory therapies in the previous 6 months. A further selection excluded patients with incomplete data, as well as Child-Pugh class C subjects, due to their small number in the study population. The cohort was thus reduced from the initial 420 to 282. Subsequently, due to the dropout of 52 patients during the observation period, 230 patients were finally analyzed (Fig. 1) .
In accordance with international guidelines [9, 10] , all of the patients had been examined and evaluated by ultrasound every 6 months.
Ultrasound assessments were conducted in the morning after fasting for at least 10 h using Philips HDI 5000 with a 2-to 5-MHz convex probe. Portal vein diameter (PD) was measured as the largest antero-posterior caliber at the crossing point with the hepatic artery during suspended respiration. Diameters below 1.2 cm were considered normal. No patient had aberrant anatomy of the portal vein.
The longitudinal diameter of the spleen (spleen LD) was evaluated as the maximum bipolar diameter, measurable in the intercostal scan, passing through the splenic hilum. The platelet count/ spleen diameter ratio (PLT/LD) was also calculated [11] .
Evaluation of the presence and grade of esophageal varices were performed by endoscopy in 66% of patients. The treatment history of patients was reviewed for the possible use of β-blockers. Disease severity was assessed using the Child-Pugh score. Portal vein thrombosis (PVT) onset (suspected on the basis of presence of intraluminal material in the portal vein or one of its branches on ultrasound) was further assessed in all patients by CT and/or MRI imaging.
The use of selective β-blockers (SBB) was presumed to indicate the presence of comorbidities, in particular cardiovascular disorders. The case study data at 5 years of follow-up was then reviewed; the median follow-up was 3 years (6 months to 5 years), with 221 patients at 5 years. In patients treated with β-blockers the median treatment duration was 24 months.
Statistical Analysis
Data were expressed as means ± SD if the distribution was normal, or as medians (range). Differences between means were assessed by Student's t test if the distribution was Gaussian; otherwise, the Mann Whitney U test was used. Fisher's exact test, the χ 2 test, odds ratios, and Spearman's rank correlation coefficient were used where appropriate. To identify which variables were significant in univariate analysis for prediction of the onset of PVT, we performed multiple logistic regression analyses where the dependent dicotomic variable was the presence/absence of PVT. These analyses were performed both in the whole population and in patients taking β-blockers. SPSS Statistics, version 22.0, was used for the statistical analysis. p < 0.05 was considered statistically significant.
Results
The baseline clinical, demographic, and biochemical features of our patient series are shown in Table 1 . The predominant etiology was HCV, followed by alcoholic and cryptogenic LC. Eighty-eight percent of the patients were in good health and compensation fell within ChildPugh class A. At the esophagogastroduodenoscopy evaluation 149 patients (64.8%) showed signs of portal hypertension (esophageal varices) and, among these, 4.3% had grade F3 varices. Among the subjects taking β-blockers, 46.4% were taking NSBB such as propanolol and carvedilol. During this study 19 patients developed PVT; the prevalence at baseline was 4.5% (10/230), while during follow-up the PVT incidence was 4.3% (9/211) at the 5-year review.
Although the frequency of PVT was higher in ChildPugh B class patients, it did not reach statistical significance; in fact, in Child-Pugh A class patients the frequency of PVT was 6.8% (14/189) versus 18% (5/22) in Child B class patients (p = ns), while the presence of F3 varices was significantly more frequent in patients with PVT versus those without PVT (respectively, 19/19 vs. ; p = ns), without reaching a statistically significant difference. Bilirubin levels were comparable between no-PVT and PVT patients (0.94 ± 0.5 vs. 0.92 ± 0.3; p = ns) and finally the PD was greater in the PVT group but the difference was not statistically significant (1.25 ± 0.8 vs.
1.36 ± 0.2; p = ns). Comparison of patients according to use of β-blockers treatment showed no significant differences between patients with and without PVT (11/19 vs. 80/211; p = ns). In the multiple logistic regression analysis only the grade of esophageal varices was independently associated with the presence of PVT (p < 0.02) ( Table 3) .
We further analyzed patients taking β-blockers. In these patients, univariate analysis showed that PVT correlated with grade of esophageal varices (ρ = 0.5; p < 0.01) and that the frequency of PVT in Child-Pugh class B was higher than in Child-Pugh class A patients (66% vs. 11.5%; p < 0.02). AST levels were higher in PVT patients ,100] were significantly lower (both p < 0.03), while spleen LD (133.7 ± 33.5 vs. 157.0 ± 35.2; p < 0.005) and PD (1.2 ± 0.14 vs. 1.4 ± 0.18; p < 0.0001) were significantly higher; ascites was less frequent in patients without PVT (4/84 [9.5%] and 3/13 [23%]; p < 0.05). There was no statistical difference between the groups with regard to age (which was slightly higher in the PVT group, i.e., 62.6 ± 10.1 vs. 64.0 ± 14.4; p = ns), the male/female ratio (45/39 for the no-PVT group vs. 10/3 for the PVT group; p = ns), or bilirubin levels (almost overlapping). In patients with PVT NSSB use was significantly more frequent than in patients with SBB use (11/34 vs. 2/50, OR 8.1; 95% CI 1.7-38.8). In the multivariate logistic regression analysis, only NSBB and grade of esophageal varices were associated with PVT (Table 4) . 
Discussion
In cirrhotic patients the risk of PVT increases in proportion to the degree of impairment of liver function ranging from a prevalence of 1% in patients with a good degree of compensation [12] to 8-26% in decompensated cirrhotic patients awaiting a liver transplant [13] . This trend is understandable because as the cirrhosis progresses the alterations leading to PVT onset become more accentuated. Two fundamental mechanisms in the pathogenesis of PVT in the cirrhotic liver are slowdown of the portal blood flow and the presence of coagulation abnormalities.
The role of coagulation abnormalities has been reconsidered over the years. The old assumption held is that a reduction in the synthesis of coagulation factors by the compromised liver parenchyma would result in a higher hemorrhagic risk, while more recent studies have shown that in LC the situation is actually more complex; reduction of most of the coagulation factors is associated with an increase in factor VIII and Von Willebrand factor and a decrease in protein C, protein S, and antithrombin. In the majority of patients, these alterations are balanced, leading to a sort of precarious homeostasis [14] [15] [16] .
The slowdown in portal flow is due to an increase in intrahepatic resistance, resulting from subversion of the parenchyma architecture, sinusoid capillarization, and the contractile activity acquired by Ito cells in response to local vasoconstrictors. Flow reduction is further aggravated by the opening of portosystemic collateral circulations which attempt to offer an alternative pathway for the outflow of blood.
These alterations are far less marked in patients with compensated cirrhosis; therefore, if PVT is present it would be appropriate to look for a possible underlying thrombophilic condition. For example, factor V Leiden and prothrombin gene mutations have been shown to be more frequent in cirrhotics with PVT than in those without PVT [17] [18] [19] . In LC if the use of NSBB, which cause a further slowdown of the portal flow, is added to the presence of other alterations, this could trigger events leading to PVT. Liver ultrasound surveillance programs in cirrhotic patients should also consider this possible risk factor to identify PVT in its early phase [20] .
Our study retrospectively analyzed the medical records of a population of cirrhotic patients in Child-Pugh classes A and B, followed up on an outpatient basis at our center, at 5 years of follow-up. It aimed to assess the prevalence and incidence of PVT and to identify possible risk factors, with particular attention to the use of β-blockers. Only data regarding compensated LC patients (i.e., Child-Pugh classes A and B) were selected because they were considered representative of our outpatient cohort, while CP class C patients were excluded because there were too few of them to be able to reach statistically significant results; this could be a selection bias in this case study as demonstrated by our results where esophageal varices grade (which is an expression of a more severe disease) is a predictor factor independently associated with the presence of PVT, and this could have led us to underestimate the PVT prevalence and incidence of PVT.
In our case series the prevalence of PVT at baseline (4.3%) and its incidence at 5 years were in line with data in the literature [12, 13] . Since the study population was represented by outpatients, almost all of the patients were still compensated (Child-Pugh class A) and therefore our study was more targeted to identify early risk factors of PVT. As our patients did not come from specialist centers they had often not undergone an endoscopy evaluation, and this may explain the low rate of use of β-blockers at baseline, whereas its use increased during the follow-up in accordance with treatment guideline indications [21] . However, as not all of the patients had previously given their consent for endoscopy, it was decided to evaluate the presence of portal hypertension in a noninvasive manner using PD and spleen LD values, which are considered the most sensitive US signs of portal hypertension [22] , together with the PLT/LD ratio, in order to obtain an indirect indication of the status of portal hypertension at baseline in the majority of patients [11] .
At baseline there was a significant correlation between the onset of PVT and spleen size and the grade of varices (both parameters linked to a greater degree of portal hypertension), while the use of β-blockers was not statistically significant. However, a further analysis of patients taking β-blockers, divided according to the type of β-blocker used, revealed that onset of PVT was significantly higher in subjects treated with NSBB. All of these parameters were confirmed as risk factors for PVT on univariate and multivariate analysis.
Recent studies have questioned the efficacy and safety of NSBB in patients with decompensated LC, suggesting the existence of the so-called "window hypothesis," according to which patients with cirrhosis benefit from the use of NSBB in the initial stages when manifestation of portal hypertension first appears (i.e. varices) and up to the development of complications. In this later phase, the hemodynamic effects of NSBB may expose patients to the risk of developing further complications such as kidney failure and/or death [23, 24] .
Our study does not add to the debate on the safety of these drugs in the advanced stages of liver disease, because we analyzed a population of cirrhotic patients with compensated disease. However, it does raise the question of whether compensated patients treated with NSBB should be monitored more closely in order to make an early diagnosis of PVT.
Conclusion
Even though our results are limited by the fact that this was a retrospective study, it supports the thesis that the development of PVT is favored by a reduction in portal flow, as demonstrated by the correlation between PVT and grade of esophageal varices and spleen diameter. Our data also suggest that, in this pathogenetic framework, the use of NSBB could represent an additional risk factor for PVT even in a phase of compensated cirrhosis (Child-Pugh classes A and B). In light of these preliminary data, prospective studies are necessary to validate our observations.
